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Abstract
Finding the right decision for a complicated problem is one of the most important tasks of today. Consequently, it is crucial to
develop a multi-stage decision-making system that would consider multiple efficiency criteria and enable solving complicated 
problems. Such problems can hardly be solved with the help of decision aiding methods based on a single criterion. The
research has concluded that the created multi-stage MCDM model is suitable to solve a wide range of complicated problems.
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1. Introduction
One of the most important tasks of the modern world is to find the right decision for a complicated problem,
taking into account interests and requirements of various decision makers. Complicated problems could be solved
as simple multi-stage problems. For complicated problems, a multiple criteria decision-making system should be
developed that would take into account major efficiency criteria and enable the use of effective methods. Hence,
a decision can be made based on many rather than several feasible criteria. In light of a complicated problem, a 
problem-solving approach, based on a single criterion and single method, could lead to an incorrect solution.
2. Model of multi-stage decision-making
As each and every case is unique in terms of processes and conditions, modelling is especially important. The
model of the multi-stage decision-making system considers social, cultural, ethic, educational, psychological,
environmental, technological, technical, organisational and managerial aspects of macro, micro and mezzo 
environments. Models like this one are especially important for decision-makers who have never faced a similar
situation. The accuracy of performance measures in decision-making methods assumes direct and proportional
dependence of the significance and utility degree of investigated alternatives on a system of criteria adequately
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describing the alternatives and on values and weights of the criteria. One decision-making stage can hardly solve 
a problem. Each case of problem-solving must involve several stages.  
It should be noted that decisions can be made on the basis of numerous rather than several criteria. The criteria 
must describe the problem that needs to be solved. To help decision-makers solve complicated problems 
effectively, that authors suggest the multiple-criteria decision-making system that considers a large number of 
efficiency criteria. The multi-stage decision-making system consists of a number of stages. The main stages of 
such system are as follow (Figure 1): 
- Initiation; 
- Identification; 
- Appraisal; 
- Assessment; 
- Decision-making. 
2.1.1. Initiation stage 
 
The first  initiation or strategic  stage is divided into: (1) description of the environment and (2) 
development of the problem strategies into the multi-stage decision-making problem. Finding real information 
that describes the problem is the fundamental task. As soon as information is adjusted or supplemented, the 
decision-making process should be repeated from the beginning, because the initial conditions of the problem 
have changed. 
2.1.2. Identification stage 
 
The identification process starts from requirements of the problem, which determine the general situation in 
the problem-solving environment. The second task is to identify and group criteria. And the last step is to finalise 
the selection of criteria that describe the problem. 
2.1.3. Appraisal stage 
 
The appraisal stage criteria identify the exact problem under investigation. The problem is described using a 
large number of criteria, which can be of different types and determine different information (Zavadskas et al., 
2010a). In each case, types of information play a crucial role. Types of information for multi-stage decision-
making system are presented in Table 1.  
 
Table 1. Types of information used in problem-solving 
 
Types of information used in decision-making  
Groups Fuzzy White Grey Black Linguistic 
Information Fuzzy Known Incomplete Unknown Verbal 
Appearance Dark Bright Grey Dark Quantitative 
Process Replace old with new Old Replace old with 
new 
New Adapted 
Property Complexity Order Complexity Chaos Complexity 
Methodology Transition Positive Transition Negative Quantitative 
Attitude Indulgence Seriousness Tolerance Indulgence Tolerance 
Conclusion Complexity solution Unique 
solution 
Multiple solution No results Adapted solution 
Zadeh (1965), Wu et al. (2012), and Fouladgar et al. (2012) analysed types of fuzzy information. Liu and Lin 
(2006), Zavadskas et al. (2009) analysed white, grey and black types of information. 
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Figure 1. Multi-stage decision-making system for problem-solving
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2.1.4. Assessment stage 
 
One of the most important tasks of today is to find the right decision for a complex problem in a unique 
situation, taking into account the most important efficiency criteria. The main task is to select an appropriate 
decision-making method and calculate processes according to the selected method. In a dynamic environment, a 
multiple-criteria decision-making system allows solving complicated problems in the most effective way. Correct 
decisions could be made based on a large number of efficiency criteria.  
Assessment of complex alternatives and decision-aiding is based on a multi-stage decision-making system and a 
large number of grouped criteria. Multiple-criteria decision aid provides several powerful solutions (Hwang & 
Yoon, 1981; Figueira et al., 2005) to sorting of problems. Highly simplified techniques may be used for ranking 
of decision support methods depending on their suitability, such as the Simple Additive Weighting  SAW 
(MacCrimon, 1968); TOPSIS  (Hwang & Yoon, 1981); COPRAS (Zavadskas & Kaklauskas, 1986); ARAS 
(Zavadskas & Turskis, 2010). The review of MCDM area activities is presented in Tamosaitiene et al. (2010), 
Zavadskas and Turskis (2011). 
       Lin et al. (2008) described and applied the TOPSIS method with grey number operations. Besides, methods 
with new modifications of fuzzy AHP (Cebeci, 2009; Turskis et al., 2012), fuzzy Analytic Network Process 
2010) and ARAS-F (Turskis et al., 2012) have been used for problem-solving in real 
situations. COPRAS-G with grey relations (Zavadskas et al., 2008, 2009, 2010b, 2011a) and SAW-G (Zavadskas 
et al., 2010a) were described and demonstrated in practice. The game theory can be used for ranking (Peldschus 
et al., 2010; Kaplinski & Tamosaitiene, 2010), which suggests that one of the most popular approaches is the 
AHP method (Saaty, 1980; Hashemkhani Zolfani et al., 2012; Zavadskas et al., 2012). In problem-solving, 
MCDM methods can also be used together with other types of methods, such as SWOT  Zavadskas et al. 
(2011b); BOCR  Azizi and Azizpour (2012), etc. The above-mentioned decision-making methods (MCDM or 
MADM) have been applied to assign relative weights to different criteria. Weights of criteria can be determined 
using different methods. A decision-maker should select the suitable method to determine weights of criteria. 
During this stage, the decision-maker may compare problem-solving results, which were obtained using different 
methods, and select the best solution with the best calculation results. 
2.1.5. General decision-making stage 
 
General decision-making is the last stage of the multi-stage decision-making system. This stage is focused on 
calculation of the utility degree for each alternative. The utility degree of the problem is determined by 
comparing solution results. It is very important to check relevancy of calculation results to the problem under 
investigation. If the calculations results are not accepted, the decision-maker goes back to the first stage. The 
problem gets solved if the decision-maker accepts the calculation results and confirms the general decision.  
3. Practical  use 
The proposed model of the multi-stage decision-making system can be applied in social, cultural, ethic, 
educational, psychological, environmental, provisional, technological, technical, organisational and managerial 
aspects of macro, micro and mezzo environments.  Criteria of different types of information could also be 
considered in the problem-solving process. Such model is especially useful for decision-makers, who have never 
faced a similar situation and must solve a complex and complicated problem. 
4. Generalization 
In real life, the multi-stage modelling of problems deals with future and decision making is determined by 
different criteria values types. The developed multi-stage multiple-criteria model is suitable for solution of 
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complex problems. The new multi-stage decision-making system considers environmental factors, while the 
criteria set is expressed by different types of information and using different MCDM methods for different types 
of solutions. Both the model and solution results have a practical and scientific value. The developed multi-stage 
model could be used to solve a wide range of complicated problems. 
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